Low-energy fractures of the proximal humerus indicate osteoporosis and it is important to direct treatment to this group of patients who are at high risk of further fracture. Data were prospectively collected from 79 patients (11 men, 68 women) with a mean age of 69 years (55 to 86) with fractures of the proximal humerus in order to determine if current guidelines on the measurement of the bone mineral density at the hip and lumbar spine were adequate to stratify the risk and to guide the treatment of osteoporosis. Bone mineral density measurements were made by dual-energy x-ray absorptiometry at the proximal femur, lumbar spine (L2-4) and contralateral distal radius, and the T-scores were generated for comparison. Data were also collected on the use of steroids, smoking, the use of alcohol, hand dominance and comorbidity.
Osteoporosis is the most common metabolic bone disease in the western world and is recognised as a major cause of disability and morbidity in older men and women.
1,2 It has been described as the silent epidemic and manifests clinically as fragility fractures predominantly of the distal radius, proximal femur and spine. 3 Research and treatment of fragility fractures have commonly focused on proximal femoral fractures because they represent the most dramatic consequence of the disease, and by their very nature demand urgent treatment. 1 However, fragility fractures of the humerus, forearm and wrist account for one-third of the total incidence of fractures in the elderly. [4] [5] [6] It may be argued that a fracture of the upper limb is less limiting because it does not prevent walking, but it can play a considerable role in depriving patients of their independence. 1 This is usually temporary but in 6% of cases may lead to a permanent move to a nursing home. 1 Fractures of the upper limb also demand considerable allocation of resources. 1 Onethird of such fractures require operative intervention and 37% in-patient rehabilitation. 1 The median length of hospital stay for these injuries is 46 days. 1 Furthermore, fractures of the proximal humerus are associated with more prolonged in-patient rehabilitation than any other fracture of the upper limb. 1, 7 The World Health Organisation (WHO) 8 defines osteoporosis by comparing the bone mineral density (BMD) with that of a gendermatched, healthy young adult reference population. The T-score indicates the difference between the BMD of an individual and the mean score of the reference population. It is measured in SD units above or below the mean. The WHO 'gold standard' for diagnosing osteoporosis in women is a T-score of less than -2.5 at any one of three skeletal sites, the femur, lumbar spine or distal radius. 8 The most common clinical method of assessing the BMD is dual-energy x-ray absorptiometry (DXA) of the central skeleton, with measurements taken at the hip and lumbar spine. 9 We measured the BMD at the hip, lumbar spine and distal radius, of men and women with fractures of the humerus in order to assess the sensitivity of these sites in diagnosing osteoporosis in accordance with WHO criteria.
Patients and Methods
The series included 79 consecutive patients (11 men, 68 women) with a mean age of 69 years (55 to 86) who presented to a fracture clinic or were admitted to hospital after sustaining a fracture of the proximal humerus and who were referred for assessment of their BMD between October 2000 and March 2002. Our hospital is the only one managing trauma for a population of approximately 340 000. Patients in whom treatment for osteoporosis had already been initiated were not referred for BMD assessment and therefore excluded from the study. All low-energy fractures were included in the study. These were defined as a fall from a standing height or lower.
Information on hand dominance, smoking status, the use of steroids, medical history and age was collected. The DXA scans were performed with BMD measurements taken at the standard positions at the femoral neck, lumbar spine (L2-4) and at the contralateral distal radius, using the Lunar DPXL bone densitometer (Lunar Corporation, Madison, Wisconsin). This equipment was calibrated by daily quality assurance checks and weekly control checks using a phantom spine. These values were then converted to T-scores using the United Kingdom reference data provided by the manufacturer.
The information was anonymised and recorded on an Excel database (Microsoft, Redmond, Washington). If osteoporosis was diagnosed according to the WHO criteria, the patient was offered treatment and follow-up according to local policy. Statistical analysis. This was performed using SPSS version 14 (SPSS Inc, Chicago, Illinois). The mean T-scores were compared using two-tailed, paired-sample t-tests and a p-value ≤ 0.01 was deemed to be significant.
Results
Other baseline characteristics and risk factors for osteoporosis in the study group are shown in Table I which illustrates that the patients had many of the expected risk factors for osteoporosis. The key results for the BMD in men and women within this sample are shown in Table II . They show that there was a significant difference between the T-scores at the separate body locations at which the BMD was measured. The mean T-score for the distal radius was -2.97 (SD 1.56), for the lumbar spine -1.61 (SD 1.62) and the femur -1.78 (SD 1.33). There was a significant difference between the mean lumbar and radial T-scores (1.36 (1.03 to 1.68), ttest, p < 0.001) and between the mean femoral and radial Tscores (1.18 (0.92 to 1.44) t-test, p < 0.001).
There were clear differences in the identification of osteoporosis at the different anatomical sites. Only 36 (45.6%) of the patients would have been diagnosed with osteoporosis if the BMD had been measured at the lumbar spine and proximal femur. When the BMD of the distal radius was measured alone, 46 patients (58.2%) fulfilled the WHO diagnostic criteria. Furthermore, when the measurements at all three sites were considered together, 52 (65.8%) patients fulfilled the criteria for osteoporosis.
The confidence intervals (CI) for three estimates of sensitivity were calculated. 10 They showed that for the combination of the lumbar spine and femur the sensitivity was 46% (95% CI 35 to 57), for the radius alone 58% (47 to 68) and for all three sites 66% (55 to 75). Therefore the difference between the sensitivity of using measurements based on the femur and lumbar spine compared with that using all three sites was significant at the 5% level because the upper CI for the lumbar spine and femur did not cross the estimate of the sensitivity for all three sites.
Discussion
The incidence of osteoporosis and fragility fractures is increasing. The risk of osteoporosis increases with age and particularly affects post-menopausal women. The Scottish Needs Assessment Programme 11 estimated that one in three women will suffer a fragility fracture after the age of 50 years. Dennison, Cole and Cooper 12 projected that the current world prevalence of 323 million cases will rise to 1.55 billion by the year 2050. Based on current trends, by 2016 the annual incidence of hip fractures in the United Kingdom will have risen to 117 000 compared with 46 000 in 1985. The annual cost of treating osteoporotic fractures in the United Kingdom is presently £1.7 billion and is expected to rise further. Dual-energy x-ray absorptiometry is currently the most accurate technique for measuring BMD. 14, 15 Our study has shown that there is wide variation in the BMD when measured at different skeletal sites. When considering injuries to the upper limb, the BMD measured at the distal radius may represent the risk of osteoporotic humeral fractures better than that measured at the axial skeleton or lower limbs.
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Arlot et al 16 in their study of 725 post-menopausal women without a history of fracture also found substantial variation in measurements of the BMD at different sites. They showed that T-scores at the distal radius were lower than those at the hip and lumbar spine and that measurements at the distal radius yielded the highest proportion of women reaching the WHO criteria for osteoporosis.
In current United Kingdom medical practice the central skeleton is preferred for measuring the BMD. 9 The main reasons for this are that BMD at the hip is the most reliable predictor of the risk of fracture of the hip and that at the lumbar spine is the optimal site for monitoring the response to treatment. [17] [18] [19] [20] [21] However, the lumbar spine is commonly affected by degenerative changes which can increase the apparent BMD. 9 The distal radius has a large proportion of cancellous bone which, when compared with cortical bone, is affected to a greater extent by age-related changes in the BMD. Therefore it may offer an easily accessible site for assessing the response to treatment. 15 Ito et al 22 studied different sites and measurement techniques to determine the best investigation to quantify changes in the BMD in response to treatment. The distal radius was useful as a site for monitoring changes in the BMD and had long-term precision comparable with that of the spine. However, this was only when the BMD at the distal radius was assessed by quantitative CT. In an epidemiological study of 651 healthy men and women, Jørgensen et al 2 measured the BMD at different skeletal sites using DXA and ultrasonography. The BMD at the femoral neck was used as the indicator of osteoporosis. Further analysis showed that the BMD at the distal forearm had a sensitivity of 63% and a specificity of 96% for predicting osteoporosis at the hip. However, these results may be interpreted with some caution because the WHO definition of osteoporosis included the presence of a T-score of -2.5 or less at any of the sites i.e., distal radius, hip or lumbar spine.
Our study was not longitudinal and therefore we cannot comment on the risk of subsequent fractures generally or specifically in the upper limb. Also, all fracture configurations of the proximal humerus were included. It may be argued that not all types of fracture are associated with osteoporosis, but we took the pragmatic view that all lowenergy injuries should be included.
Our study showed that low-energy fractures of the proximal humerus are more closely associated with a low BMD at the distal radius than with a low BMD at the hip, lumbar spine or a combination of the hip and lumbar spine. This has not been demonstrated previously. It is well known that local measurements at the site of a possible fracture are much more predictive of the fracture than are measurements elsewhere in the skeleton. This has been shown for fractures of the hip, lumbar spine and forearm. 23 The reason for treating osteoporosis is to prevent fractures. Therefore identification of patients at greatest risk allows treatment to be directed to those who will benefit the most. Clowes et al 23 applied multivariate analysis to their data and found that if a peripheral measurement was combined with a total hip DXA measurement, the odds ratio for predicting a subsequent fracture was increased. Therefore in order to improve the cost-effectiveness of treatment and to target those most likely to benefit, central and peripheral measurements should be used at least for diagnostic purposes if not to monitor the response to treatment.
For patients who have sustained a fragility fracture the results re-emphasise that the risk of fracture is only partially explained by a low BMD and that other factors are important. Even when all three BMD measurements were included, only 66% reached the WHO criteria. Further research to improve diagnostic tools is necessary. For patients who have not yet sustained a fragility fracture it shows that changes in the BMD are not uniform and that assessment of the BMD at the distal radius should not be neglected.
In conclusion, our study has highlighted the regional variation in BMD and that measurements of the BMD in the upper limb are significantly lower than those in the lumbar spine and femur in patients with fractures of the proximal humerus. Measurement of the BMD at the hip and lumbar spine, if used alone may underestimate the risk of osteoporosis in the upper limb. Measurement of the BMD at the radius should not be omitted when osteoporosis is being investigated.
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